EDGE EMITTING LASER WITH CIRCULAR BEAM 



BACKGROUND OF THE INVENTION 

Field of Invention 

The invention relates to an edge emitting laser and, in particular, to a edge emitting 
5 laser with circular beam that uses a low-carrier-mobility material. 

Related Art 

Semiconductor lasers have the features of compact sizes, long lifetime, good vibration 
tolerance, being highly directional, and large output power. They are ideal for the light 
sources of long-distance, large-capacity communications and high-density recording media. 
10 Currently, most of their applications are in optical communications and storage industries. 
Therefore, the semiconductor lasers have a brighter future. 

According to their structures and light-emitting position, the semiconductor lasers are 
divided into surface-emitting lasers and edge emitting lasers. The cavity of the edge 
emitting laser is parallel to the epitaxy layer. The reflecting surface is formed by coating a 
15 reflecting film on the cutting surface of a crystal. It is perpendicular to the epitaxy: layer. 
Light reflects between two side mirrors (i.e. inside the cavity) and sends out a laser beam 
through a side surface. Since the thickness of ridge waveguide is much, larger than active 
region, the light intensity distribution is a vertical ellipse. Thus, it has a very bad coupling 
efficiency, limiting its applications. 

20 Consequently, we want to use a specially designed edge emitting laser structure to 

improve the roundness of the laser beam. A vertical groove through the light-emitting 
layer is formed using an etching means, thereby generating a horizontal light diffractive 
index difference. Total reflection occurs between the light-emitting layer and the medium 
with a lower reflective index. Horizontal light is thus trapped inside the light-emitting 

25 layer. This increases the spreading angle of the laser beam in the horizontal direction, 
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achieving the goal of a circular beam. The light-emitting layer material used in 
conventional edge emitting laser with circular beams has series carrier surface recombining 
effects at the etching interface, resulting in a low light-emitting efficiency. Therefore, 
after etching though the light-emitting layer the groove thus formed has to be grown with 
5 the epitaxy of other semiconductor materials, forming the so-called buried ridge waveguide. 
However, such a structure does not only involve complicated manufacturing processes but 
also has a higher cost. The reflective index difference between the semiconductor material 
and the light-emitting layer material is smaller. As a result, the roundness of the circular 
beam is not perfect. 

1 0 SUMMARY OF THE INVENTION 

The invention provides a edge emitting laser with circular beam. It uses a 
low-carrier-mobility semiconductor compound for the light-emitting layer. The 
low-carrier-mobility material can greatly suppress surface recombination of the carriers. 
Therefore, one can form a ridge waveguide by simply etching through the light-emitting 
15 layer without the step of epitaxy growth. The invention thus provides a low-cost, 
high-efficiency edge emitting laser with circular beam. 

The invention uses a low-carrier-mobility material to form the light-emitting layer of 
the edge emitting laser with circular beam. It is formed by establishing an epitaxy 
structure of a substrate surface. It includes, stacked from bottom to top, a bottom cladding 

20 layer, a bottom waveguide layer, a light-emitting layer, an upper waveguide layer, an upper 
cladding layer, and an electrode contact layer. The light-emitting layer is formed using a 
low-carrier-mobility material with diluted nitrides. Etching starts from the surface of the 
epitaxy structure through the light-emitting layer, forming the ridge waveguide. Since the 
low-carrier-mobility material can suppress surface recombination of carriers, there is no 

25 need for the epitaxy growth of a low-reflective-index semiconductor material on the sides 
of the ridge waveguide. The reflective index of dielectric passivation is even smaller than 
normally used low-reflective-index semiconductor material. The large reflective index 
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difference between the light-emitting layer and the dielectric passivation layer can more 
effectively restrict the horizontal light within the light-emitting layer, increasing the 
spreading angle of the laser beam in the horizontal direction and the roundness of the 
circular laser beam. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will become more fully understood from the detailed description given 
hereinbelow illustration only, and thus are not limitative of the present invention, and 
wherein: 

FIG. 1 is a schematic view of the epitaxy structure according to the disclosed 
embodiment; 

FIG. 2 is a schematic view of etching the epitaxy structure in the embodiment; 

FIG. 3 is a schematic view of forming the electrodes in the embodiment; 

FIG. 4 shows the current- voltage and current-power relations; and 

FIG. 5 shows the far-field light spot distribution in the embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

As shown in FIG. 1, the epitaxy structure 200 according to an embodiment of the 
invention is formed on the upper surface of a substrate 100, from bottom to top, a bottom 
cladding layer 210, a bottom waveguide layer 220, a light-emitting layer 230, an upper 
waveguide layer 240, an upper cladding layer 250, and an electrode contact layer 260. The 
light-emitting layer 230 is formed using the semiconductor material 
In v Ga w Ali_v- w As x PyN z Sbi. x . y . z (0 < v,w,x,y,z < 1) that contains diluted nitrides 

With reference to FIG. 2, combining lithography and etching techniques, the epitaxy 
structure is etched to form a groove through the light-emitting layer 230. Etching starts 



from the surface of the epitaxy structure 200 through the light-emitting layer 230 to form a 
ridge waveguide. 

With reference to FIG. 3, a passivation dielectric layer 270 is formed on the surface of 
the epitaxy structure 200. The ridge waveguide region of the dielectric layer 270 is 
5 exposed by etching. A P-type metal is deposited on the dielectric layer 270 and the exposed 
ridge waveguide as the upper electrode layer 120. An N-type metal is deposited on the 
back-side surface of the substrate as the bottom electrode layer 1 10. The electrical current 
is thus restricted to flow through the ridge waveguide, exciting the light-emitting layer 
inside the ridge waveguide. 

10 FIG. 4 shows that the embodiment has good opto-electric characteristics. As shown 

in the plot, the threshold current is 26mA, the light-emitting efficiency is 0.56W/A, the 
output power is over 200m W, and the device resistance is only 4.8Q. The light-emitting 
layer formed from a semiconductor material containing diluted nitrides can greatly suppress 
surface recombination of carriers. Thus, there is no need to fill the groove on the side of 

15 the ridge waveguide with a low-reflective-index material through epitaxy growth. 
Moreover, the full width half maximum (FWHM) ratio between horizontal and vertical 
light is about 1.26. The laser beam thus generated is very close to a true circular 
distribution. 

FIG. 5 shows the far-field light spot distribution according to the embodiment. It 
20 shows that the ridge waveguide can effectively trap light traveling in the horizontal 
direction to form a single-mode and circularly distributed laser beam. 

Certain variations would be apparent to those skilled in the art, which variations are 
considered within the spirit and scope of the claimed invention. 
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